(19) 



Europaisches Patentamt 
European Patent Office 
Offic urope n des brev ts 



ll 



01) 



EP1 189 255 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordanc with Art. 158(3) EPC 



(43) Date of publication: 

20.03.2002 Bulletin 2002/12 

(21) Application number: 01915746.0 

(22) Date of filing: 23.03.2001 



(51) lntCl7: H01J 9/24, H01J 29/87, 
G09F 9/30 

(86) International application number: 
PCT/JP01/02367 

(87) International publication number: 

WO 01/71760 (27.09.2001 Gazette 2001/39) 



(84) Designated Contracting States: 


• FUKUDA, Kumio 


DE FR GB IT NL 


Fukaya-shi, Saitama 366-0801 (JP) 




• NIKAIDO, Masaru 


(30) Priority: 23.03.2000 JP 2000082849 


Yokosuka-shl, Kanagawa 239-0845 (JP) 


23.03.2000 JP 2000082850 


• ISHIKAWA, Satoshl 


05.10.2000 JP 2000306458 


Fukaya-shi, Saitama 366-0034 (JP) 


(71) Applicant: Kabushiki Kalsha Toshiba 


(74) Representative: HOFFMANN - EITLE 


Tokyo 105-8001 (JP) 


Patent- und Rechtsanwalte 




Arabellastrasse 4 


(72) Inventors: 


81925 Munchen (DE) 


• TAKEN A K A, Shigeo 




Fukaya-shl,Saltama 366-0041 (JP) 





(54) SPACER ASSEMBLY FOR PLANE SURFACE DISPLAY, METHOD FOR MANUFACTURING 

SPACER ASSEMBLY, METHOD FOR MANUFACTURING PLANE SURFACE DISPLAY, PLANE 
SURFACE DISPLAY AND MOLD FOR USE IN MANUFACTURING SPACER ASSEMBLY 



(57) A spacer assembly has first and second spac- 
ers standing on first and second surfaces of a plate-like 
grid to be integral with them. First and second molds 
ach with a plurality of through holes are arranged on 
th first and second surfaces of the grid to be in tight 
contact with them. After that, the through holes of the 
molds are filled with a glass paste containing an ultravi- 




olet-curing binder, and the glass paste is cured by irra- 
diation with ultraviolet rays. 

Furthermore, while the molds are held in a tight contact 
state, the glass paste is calcined at a predetermined 
temperature. Thus, the first and second spacers are in- 
tegrally formed on the grid surfaces. 
The first spacer has an aspect ratio of 2.5 to 3. 
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Description 

Technical Field 

[0001] The pres nt inv ntion r lates to a spacer as- 
sembly used In a flat panel display apparatus, a method 
of manufacturing a spacer assembly, a fiat panel display 
apparatus with a spacer assembly, a method of manu- 
facturing a flat panel display apparatus, and a mold used 
in the manufacture of a spacer assembly. 

Background Art 

[0002] A flat panel display apparatus represented by 
a liquid crystal display apparatus has been widely used 
In various fields as a display apparatus that replaces a 
cathode ray tube (CRT). A liquid display apparatus, 
however, has several problems to be solved; for exam- 
ple, it does not emit light by itself and its display per- 
formance has view angle dependency. 
[0003] In this situation, a self emission type flat panel 
display apparatus such as a field emission display 
(FED) or plasma display (PDP) is under development. 
For example, a surface conduction type electron-emit- 
ting display (SED) as one type of the FED has been in- 
tensively studied and developed because It can ensure 
good display characteristics compatible with those of a 
CRT. 

[0004] This SED has a face plate and rear plate op- 
posing each other at a predetermined gap. These plates 
ar bonded to each other at their peripheries through a 
rectangular frame-like side wall, thus constituting a vac- 
uum envelope. Three color phosphor layers are formed 
on the inner surface of the face plate, and a number of 
emitters corresponding to respective pixels are ar- 
ranged on the inner surface of the rear plate to serve as 
electron-emitting sources for exciting phosphors. Each 
emitter is comprised of an electron -emitting portion, a 
pair of electrodes for applying a voltage to the electron- 
emitting portion, and the like. 

[0005] A plate-like grid is disposed between the two 
plates. The grid has a number of converging apertures 
located to be aligned with the emitters, and a number of 
columnar spacers are arranged on the grid for maintain- 
ing the gap between the plates. An electron beam emit- 
ted from each emitter passes through the corresponding 
aperture of the grid and is converged on a desired phos- 
phor layer. 

[0006] As an SED having a spacer assembly com- 
prised of a grid and spacers as described above, one 
disclosed in U.S.P. No. 5,846,205 is known. According 
to this SED, a plate-like grid has a number of spacer 
holes. A columnar spacer with a diameter slightly small- 
er than that of the spacer hole is inserted in each spacer 
hole, and is adhered and fixed to the grid with an adhe- 
siv frit glass, solder, or th lik . Each spacer projects 
from the two surfaces of the grid, and its two ends abut 
against the inner surfac s of th face plat and rear 



plate, respectively 

[0007] As described above, when a spacer assembly 
is to b manufactured by inserting columnar spacers in 
a number of spacer holes formed in a grid and fixing 

5 them by using an adh siveorth lik , th manufactur 
becomes very cumbersome, and it is difficult to improve 
the manufacturing efficiency. More specifically, each 
spacer is as very small as several 100 pjn in diameter 
and several mm in height, and the spacer hole corre- 

10 sponding to it is also very small. To correctly insert such 
a very small spacer In the spacer hole of the grid and 
adhere it to the grid by using an adhesive or the like, 
high assembly precision is required. This makes the op- 
eration very difficult and leads to an increase in manu- 

15 facturing cost and a decrease in manufacturing efficien- 
cy. 

Disclosure of Invention 

20 [0008] The present invention has been made in view 
of the above situation, and has as its object to provide 
a spacer assembly for a flat panel display apparatus 
which can be manufactured easily, a flat panel display 
apparatus having a spacer assembly, a method of man- 

25 ufacturing a spacer assembly, a mold used in the man- 
ufacture of a spacer assembly, and a flat panel display 
apparatus which can prevent a decrease in display qual- 
ity from being caused by charging of the spacer while a 
sufficiently high strength is ensured. 

30 [0009] In order to achieve the above object, according 
to the present invention, a method of manufacturing a 
spacer assembly having a substrate and a plurality of 
columnar spacers formed on the substrate and used for 
aflat panel display apparatus, comprises: 

35 

preparing a substrate and a mold with a number of 
through holes, 

arranging the mold on a surface of the substrate to 
be in tight contact therewith and filling the through 

40 holes of the mold with a spacer forming material, 
curing the spacer forming material by irradiation 
with radiation, thereby increasing adhesion of the 
spacer forming material with respect to the surface 
of the substrate to be higher than that of the spacer 

45 forming material with respect to the mold, 

calcining the spacer forming material with the mold 
being in tight contact with the substrate, thereby 
forming spacers on the substrate, and 
after cooling, releasing the mold from the substrate. 

50 

[0010] A method of manufacturing a spacer assembly 
according to the present invention comprises 

preparing a substrate having opposing first and sec- 
55 ond surfaces and a plurality of through holes, and 
first and s cond molds ach having a plurality of 
through holes, 

arranging th first and s cond molds on the first and 
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second surfaces of the substrate to be In tight con- 
tact therewith such that the holes of th substrate 
and the through holes of the first and second molds 
are aligned with ach other, and thereafter filling the 
through holes of the first and second mold with a s 
spacer forming material, 

curing the spacer forming material by irradiation 
with radiation, thereby increasing adhesion of the 
spacer forming material with respect to the sub- 
strate to be higher than that of the spacer forming 
material with respect to the first and second molds, 
calcining the spacer forming material with the first 
and second molds being in tight contact with the 
substrate, thereby forming spacers on the first and 
second surfaces of the substrate, and 
after cooling, releasing the first and second molds 
from the substrate. 

[001 1 ] Another method of manufacturing a spacer as- 
sembly according to the present invention comprises 

preparing a substrate having opposing first and sec- 
ond surfaces, and first and second molds each hav- 
ing a plurality of through holes, 
arranging the first mold on the first surface of the 
substrate to be in tight contact therewith, and there- 
after filling the through holes of the first mold with a 
spacer forming material, 

curing the spacer forming material by irradiation 
with radiation, thereby increasing adhesion of the 
spacer forming material with respect to the first sur- 
face of the substrate to be higher than that of the 
spacer forming material with respect to the first 
mold, 

arranging the second mold on the second surface 
of the substrate to be in tight contact therewith, and 
filling the through holes of the second mold with a 
spacer forming material, 

curing the spacer forming material by irradiation 
with radiation, thereby increasing adhesion of the 
spacer forming material with respect to the second 
surface of the substrate to be higher than that of the 
spacer forming material with respect to the second 
mold, 

after irradiation with the radiation, calcining the 
spacer forming material with the first and second 
molds being in tight contact with the substrate, 
thereby forming spacers on thefirst and second sur- 
faces of the substrate, and 

after cooling, releasing the first and second molds 
from the substrate, 

[001 2] According to the present invention, in the man- 
ufacturing method described above, a glass paste con- 
taining at least an ultraviolet-curing binder and a glass 
filler is us d as the spacer forming mat rial, and in this 
case, the spacer forming material is cured by irradiation 
with ultraviol t rays as radiation. 



[0013] As the substrate, a metal plate having a sur- 
face with an oxide film formed on it, a grid formed of a 
metal plate having a number of conv rging apertures 
and a surface with an oxide film formed on it, or a glass 
substrate can be us d. As the mold, one subj ct d to 
surface treatment having releasabllity with respect to 
the spacer forming material and oxidation resistance is 
preferably used. 

[001 4J According to the method of manufacturing the 
spacer assembly with the above arrangement, a spacer 
forming material Is calcined as it is arranged on a sub- 
strate or grid by using a mold, so a plurality of spacers 
can be built at predetermined positions on the substrate 
or grid at once. As a result, a spacer assembly with a 
plurality of small spacers can be manufactured easily, 
and the manufacturing cost can be reduced and the 
manufacturing efficiency can be improved. 
[0015] The spacer forming material is calcined as it 
fills the through holes of the mold. Thus, during calcina- 
tion, the spacer forming material will not be squeezed 
to spread, so spacers each with a sufficiently large 
height and high aspect ratio can be formed easily. 
[0016] Furthermore, as the spacer forming material, 
a glass paste containing an ultraviolet-curing binder and 
a glass filler is used. Before calcination, the spacer form- 
ing material Is cured by Irradiation with ultraviolet rays, 
and a grid covered with an oxide film and a mold covered 
with an oxidation -resistant surface layer are used. Thus, 
adhesion of the spacer with respect to the substrate or 
grid can be increased to be higher than that with respect 
to the mold. As a result, in the following calcining and 
releasing steps, the formed spacers are prevented from 
attaching to the mold, so spacers integral with the sub- 
strate or grid can be formed reliably. 
[0017] According to the present invention, there is 
provided a method of manufacturing a flat panel display 
apparatus including a first substrate having an inner sur- 
face on which phosphor layers are formed, a second 
substrate arranged to oppose the first substrate at a pre- 
determined gap and provided with phosphor exciting 
means for exciting the phosphor layers, a frame-like 
side wall that joins peripheries of the first and second 
substrates, a plate-like grid arranged between the first 
and second substrates to oppose the substrates and 
having a number of apertures located to correspond to 
the phosphor exciting means, a numberof columnar first 
spacers arranged between the first substrate and the 
grid, and a number of columnar second spacers ar- 
ranged between the second substrate and the grid, the 
method comprising 

preparing a grid and a mold with a number of 
through holes, arranging the mold on a surface of 
the grid to be in tight contact therewith and filling the 
through holes of the mold with a spacer forming ma- 
terial, curing the spacer forming mat rial by irradi- 
ation with radiation, thereby increasing adhesion of 
th spacer forming material with respect to the sur- 
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face of the grid to be higher than that of the spacer 
forming material with respect to the mold, calcining 
the spacer forming material with th mold being in 
tight contact with the substrate, thereby forming the 
large number of first spacers on th grid, and after s 
cooling, releasing the mold from the grid. 

[001 8] A flat panel display apparatus according to the 
present invention comprises a first substrate having an 
inner surface with a phosphor layer formed thereon, a 10 
second substrate arranged to oppose the first substrate 
at a predetermined gap and provided with phosphor ex- 
citing means for exciting the phosphor layer, a frame- 
like side wall that joins peripheries of the first and second 
substrates, a plate-like grid arranged between the first is 
and second substrates to oppose the substrates and 
having a number of converging apertures located to cor- 
respond to the phosphor exciting means, a plurality of 
columnar first spacers arranged between the grid and 
th first substrate, and a plurality of columnar second 20 
spacers arranged between the grid and the second sub- 
strate, and is characterized in that a height of each of 
the first spacers is larger than that of each of the second 
spacers. 

[0019] In the flat panel display apparatus according to 25 
the present invention, the grid has a first surface oppos- 
ing the first substrate and a second surface opposing 
the second substrate, and the first spacers vertically 
stand on the first surface of the grid to be integral there- 
with and the second spacers vertically stand on the sec- 30 
ond surface of the grid to be integral therewith. 
[0020] A spacer assembly according to the present in- 
vention comprises a substrate and a plurality of colum- 
nar spacers vertically standing on the substrate to be 
integral therewith. Each of the spacers integrally has a 35 
plurality of steps stacked from the substrate toward an 
extending end and with diameters that decrease grad- 
ually, and each of the steps is formed in a tapered shape 
to be thinner from the substrate toward the extending 
end. 40 

[0021 ] A spacer assembly according to the present in- 
vention comprises a plate-like grid having first and sec- 
ond opposing surfaces and a plurality of converging ap- 
rtures, a plurality of columnar first spacers vertically 
standing on the first surface of the grid to be integral 45 
therewith, and a plurality of columnar second spacers 
vertically standing on the second surface of the grid to 
be integral therewith. Each of the first and second spac- 
ers integrally has a plurality of steps stacked from the 
grid toward an extending end and with diameters that so 
decrease gradually, and each of the steps is formed in 
a tapered shape to be thinner toward an extending end. 
[0022] A flat panel display apparatus according to the 
present invention comprises a first substrate having an 
inner surface with a phosphor layer formed thereon, a ss 
second substrate arranged to oppose the first substrat 
at a predetermined gap and provided with phosphor ex- 
citing means for exciting the phosphor layer, a frame- 



like side wall that Joins peripheries of the first and second 
substrat s, and a spacer assembly formed betwe nthe 
first and second substrates. The spacer assembly has 
a plate-like grid having a number of converging aper- 
tur s opposing th phosphor xcitingm ans, and a plu- 
rality of columnar spacers standing vertically on the grid 
to be integral therewith. Each spacer integrally has a 
plurality of steps stacked from the grid toward an ex- 
tending end and with diameters that decrease gradually, 
and each step is formed in a tapered shape to be thinner 
toward the extending end. 

[0023] According to the spacer assembly and flat pan- 
el display apparatus with the above arrangement, each 
spacer integrally has a plurality of steps stacked toward 
an extending end and with diameters that decrease 
gradually, and each step is formed In a tapered shape 
to be thinner toward the extending end, thus forming a 
stepped taper as a whole, i.e., a substantially stepped 
truncated conical shape. Therefore, a plurality of spac- 
ers can be integrally built on the substrate or grid with a 
mold or the like, and a spacer assembly and a flat panel 
display apparatus that can be manufactured easily can 
be obtained. 

[0024] A method of manufacturing a spacer assembly 
according to the present invention comprises preparing 
a substrate and a plate-like mold having a plurality of 
stepped tapered through holes each with a diameter that 
decreases gradually from one end toward the other end 
thereof, arranging the mold on a surface of the substrate 
to be in tight contact therewith such that large-diameter 
sides of the through holes are located on a substrate 
side and filling the through holes of the mold with a spac- 
er forming material, curing the spacer forming material 
by irradiation with radiation, thereby increasing adhe- 
sion of the spacer forming material with respect to the 
surface of the substrate to be higher than that of the 
spacerforming material with respect to the mold, calcin- 
ing the spacer forming material with the mold being in 
tight contact with the substrate, thereby integrally form- 
ing spacers on the substrate, and after cooling, releas- 
ing the mold from the substrate. 
[0025] Another method of manufacturing a spacer as- 
sembly according to the present invention comprises 
preparing a plate-like grid with first and second surfaces 
and a plurality of spacer holes located between the con- 
verging apertures, preparing plate-like first and second 
molds having a plurality of stepped tapered through 
holes each with a diameter that decreases gradually 
from one end toward the other end thereof, bringing the 
first and second molds into tight contact with the first 
and second surfaces of the gridsuch that large-diameter 
sides of the through holes are located on a grid side and 
arranging the first and second molds such that the spac- 
er holes of the grid and the through holes of the first and 
second molds are aligned, and filling the through holes 
of th first and second molds with a spacer forming ma- 
terial, curing the spacer forming material by irradiation 
with radiation, thereby increasing adhesion of the spac- 
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er forming material with respect to the grid to be higher 
than that of the spacer forming material with respect to 
the first and second molds, calcining the spacerforming 
material with the first and second molds being in tight 
contact with th grid , thereby forming spacers on the first 
and second surfaces of the grid, and after cooling, re- 
leasing the first and second molds from the grid. 
[0026] Still another method of manufacturing a spacer 
assembly according to the present invention comprises 
preparing a plate-like grid having first and second sur- 
faces, preparing plate-like first and second molds hav- 
ing a number of stepped tapered through holes each 
with a diameter that decreases gradually from one end 
toward the other end thereof, arranging the first mold on 
th first surface of the grid to be in tight con tact the re with 
such that large-diameter sides of the through holes are 
located on a grid side, and filling the through holes of 
the first mold with a spacerforming material, curing the 
spacer forming material by irradiation with radiation, 
thereby increasing adhesion of the spacer forming ma- 
terial with respect to the first surface of the grid to be 
higher than that of the spacer forming material with re- 
spect to the first mold, arranging the second mold on the 
second surface of the grid to be in tight contact therewith 
such that large-diameter sides of the through holes are 
located on a grid side, and filling the through holes of 
the second mold with a spacerforming material, curing 
the spacerforming material by irradiation with radiation, 
thereby increasing adhesion of the spacer forming ma- 
terial with respect to the second surface of the grid to 
be higher than that of the spacer forming material with 
respect to the second mold, after irradiation with the ra- 
diation, calcining the spacer forming material with the 
first and second molds being in tight contact with the 
grid, thereby forming spacers on the first and second 
surfaces of the grid, and after cooling, releasing the first 
and second molds from the substrate. 
[0027] According to the present invention, in the 
above manufacturing method, a glass paste containing 
an ultraviolet-curing binder and a glass filler is used as 
the spacer forming material. In this case, the spacer 
forming material is cured by irradiation with ultraviolet 
rays as the radiation. As the substrate, a metal plate with 
a surface formed with an oxide film, a grid formed of a 
metal plate having a number of converging apertures 
and a surface formed with an oxide film, or a glass sub- 
strate can be used. 

[0028] According to the spacer assembly manufactur- 
ing method with the above arrangement, a spacerform- 
ing material is calcined as it is arranged on a substrate 
or grid by using a mold, so a plurality of spacers can be 
built at predetermined positions on the substrate or grid 
at once. As a result, a spacer assembly with a plurality 
of small spacers can be manufactured easily, and the 
manufacturing cost can be reduced and the manufac- 
turing fficiency can be improv d. 
[0029] The spacer forming material is calcined as it 
fills the through holes of the mold. Thus, during calcina- 



tion, the spacer forming material will not be squeezed 
to spread, so spacers ach with a suffici ntly large 
height and high aspect ratio can be form d asily. 
[0030] Furthermore, as the spacer forming material, 
5 a glass past containing at least an ultraviolet-curing 
binder and a glass filler Is used. Before calcination, the 
spacer forming material is cured by irradiation with ul- 
traviolet rays, and a grid covered with an oxide film and 
a mold covered with an oxidation-resistant surface layer 

10 are used. Thus, adhesion of the spacer with respect to 
the substrate or grid can be increased to be higher than 
that with respectto the mold. As a result, in thefollowing 
calcining and releasing steps, the formed spacers are 
prevented from attaching to the mold, so spacers inte- 
rs gral with the substrate or grid can be formed reliably. 
[0031] A mold used In the manufacture of a spacer 
assembly according to the present invention is charac- 
terized in that it comprises a plurality of metal thin plates 
each having a plurality of tapered through holes, each 

20 of the through holes of each of the metal thin plates has 
a diameter different from those of through holes of other 
metal thin plates, and the plurality of metal thin plates 
are stacked such that their through holes are aligned 
with each other and such that the through holes sequen- 

25 tially line up in descending order of diameter. 

[0032] With the above arrangement, the mold Is 
formed by stacking a plurality of metal thin plate each 
with through holes, and each through hole of the mold 
is defined by overlaying a plurality of through holes. In 

30 the case of a metal thin plate, small through holes can 
be formed comparatively easily by etching, laser irradi- 
ation, orthe like. Therefore, when these plurality of met- 
al thin plates are stacked, a mold having through holes 
with desired heights can be obtained easily. 

35 [0033] In the above mold, the through holes formed 
in each metal thin plate are tapered, and their diameters 
differ from one metal thin plate to another. When these 
plurality of metal thin plates are to be stacked, even if 
some misalignment occurs, the through holes of the 

40 metal thin plates are caused to reliably communicate 
with each other, and a mold with desired through holes 
can be obtained. 

[0034] Furthermore, according to the present inven- 
tion, the mold is covered with a surface layer having re- 

45 leasability with respect to the spacer forming material. 
Hence, the spacer forming material does not easily at- 
tach to the inner portions of the through holes of the 
mold, and the mold can be repeatedly used for the man- 
ufacture of a spacer assembly. 

so [0035] A flat panel display apparatus according to the 
present invention comprises a face plate and a rear 
plate arranged to oppose each other at a predetermined 
gap, and a spacer assembly disposed between the face 
plate and the rear plate, wherein 

55 the spacer assembly has an electrode plate hav- 

ing opposing first and second surfaces and a plurality of 
spacer holes and arranged between the face plate and 
th rear plate to oppose th face plate and the rear plate, 



9 ' EP 1 189 

a plurality of first spacers formed on the first surface of 
the electrode plate, a plurality of second spacers formed 
on the second surface of the electrode plate, and a con- 
necting portion connecting one of the second spacers 
to a plurality of first spac rs to ach other through cor- s 
responding spacer holes formed In the electrode plate. 
[0036] Another flat panel display apparatus according 
to the present invention comprises a face plate with an 
inner surface with a phosphor layer formed thereon, a 
rear plate arranged to oppose the face plate at a prede- 10 
termlned gap and provided with a plurality of electron- 
emitting portions for exciting the phosphor layer, a 
frame-like side wall that joins peripheries of the face 
plate and the rear plate, and a spacer assembly formed 
between the face plate and the rear plate. 15 
[0037] The spacer assembly has an electrode plate 
having opposing first and second surfaces and a plural- 
ity of spacer holes and arranged between the face plate 
and the rear plate to oppose the face plate and the rear 
plate, a plurality of first spacers formed on the first sur- 20 
face of the electrode plate and In contact with the face 
plate, and a plurality of second spacers formed on the 
second surface of the electrode plate and in contact with 
the rear plate. One of the second spacers is connected 
to a plurality of first spacers to each other with a con- 25 
necting portion through corresponding spacer holes 
formed in the electrode plate. 

[0038] According to the flat panel display apparatus 
with the above arrangement, the spacer assembly has 
a plurality of first spacers formed on a first surface of the 30 
electrode plate and a plurality of second spacers formed 
on a second surface of the electrode plate. One second 
spacer is arranged to be connected to a plurality of first 
spacers to each other through a connecting portion. 
Therefore, a sufficiently high structural strength can be 35 
ensured for the spacer assembly, and a sufficiently large 
aspect ratio can be ensured for the first spacers, so the 
adverse influence of charging of the first spacers can be 
reduced. 

40 

Brief Description of Drawings 
[0039] 

FIG. 1 is a perspective view showing a surface con- 45 
duction type electron-emitting apparatus according 
to an embodiment of the present invention; 
FIG. 2 is a perspective view of the surface conduc- 
tion type electron-emitting apparatus taken along 
the line II - II of FIG. 1; so 
FIG. 3 is an enlarged sectional view of the surface 
conduction type electron-emitting apparatus; 
FIG. 4 is an exploded perspective view showing a 
grid and first and second molds used in the manu- 
facture of a spacer assembly in the surface conduc- 55 
tion type electron- mining apparatus; 
FIG. 5 is an enlarged sectional view of part of the 
first mold; 
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FJGS. 6A to 6C are sectional views respectively 
showing the steps in manufacturing th spacer as- 
sembly; 

FIGS. 7A and 7B are sectional views respectively 
showing th st ps in manufacturing th spac r as- 
sembly; 

FIG. 8 is a sectional view of a surface conduction 
type electron-emitting apparatus with a spacer as- 
sembly according to the second embodiment of the 
present invention; 

FIGS. 9A and 9B are sectional views respectively 
showing the steps in manufacturing the spacer as- 
sembly according to the second embodiment; 
FIGS. 10A to 10C are sectional views respectively 
showing the steps in manufacturing the spacer as- 
sembly according to the second embodiment; 
FIG. 11 is an exploded sectional view of a surface 
conduction type electron-emitting apparatus with a 
spacer assembly according to the third embodiment 
of the present invention; 

FIG. 1 2 is a sectional view showing an SED accord- 
ing to the fourth embodiment of the present inven- 
tion; 

FIG. 13 is a schematic plan view of the first and sec- 
ond spacers of the SED according to the fourth em- 
bodiment which are seen from the second spacer 
side; 

FIG. 14 is a schematic perspective view showing 
part of the spacer assembly of the SED according 
to the fourth embodiment; 

FIGS. 15A to 15C are sectional views respectively 
showing the steps in manufacturing the spacer as- 
sembly; and 

FIGS. 1 6A and 1 6B are sectional views respectively 
showing the steps in manufacturing the spacer as- 
sembly. 

Best Mode for Carrying Out of the Invention 

[0040] Embodiments in which the present invention is 
applied to a surface conduction type electron-emitting 
apparatus (to be referred to as an SED hereinafter) as 
a flat panel display apparatus will be described in detail. 
[0041] As shown in FIGS. 1 to 3, this SED has a rear 
plate 1 0 and face plate 12 respectively formed of a rec- 
tangular glass members. These plates are arranged to 
oppose each other at a gap of about 1 .5 mm to 3.0 mm. 
The rear plate 10 is formed with a size slightly larger 
than that of the face plate 12. The rear plate 1 0 and face 
plate 1 2 are joined at their peripheries through a rectan- 
gular frame-like side wall 1 4 made of glass, thus consti- 
tuting a flat rectangular vacuum envelope 15. The side 
wall 14 is adhered with frit glass, a low-melting metal or 
alloy such as indium, indium alloy. For example, the in- 
ternal space of the vacuum envelope is maintained at a 
high vacuum of about 1 0" 8 Torr. 
[0042] A phosphor screen 16 is formed on the inner 
surfac of the face plate 1 2. Th phosphor screen 1 6 is 
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formed by lining red, blue, and green phosphor layers 
and black-colored layers. These phosphor layers are 
formed in stripes or dots. A m tal back 1 7 made of alu- 
minum or the like is formed on the phosphor screen 1 6. 
A transparent conductiv film mad of, e.g., (TO, or a s 
color film may be arranged between the face plate 12 
and the phosphor screen. 

[0043] A number of electron -emitting elements 1 8 for 
respectively emitting electron beams are formed on the 
inner surface of the rear plate 1 0 to serve electron -em it- 
ting sources for exciting the phosphor layers. The elec- 
tron-emitting elements 18 are arranged in a plurality of 
columns and a plurality of rows to correspond to respec- 
tive pixels. Each electron -emitting element 18 is com- 
prised of an electron -emitting portion (not shown), a pair 
of element electrodes for applying a voltage to the elec- 
tron-emitting portion, and the like. A number of intercon- 
nections (not shown) for applying a voltage to the elec- 
tron-emitting elements 18 are formed on the rear plate 
10 in a matrix. 

[0044] The side wall 14 serving as the joining member 
is adhered to the peripheries of the rear plate 1 0 and frit 
glass 20 through frit glass 20 made of, e.g., low-melting 
giass, to join the face plate and rear plate to each other. 
[0045] As shown in FIGS. 2 and 3, the SED has a 
spacer assembly 22 arranged between the rear plate 1 0 
and face plate 12. In this embodiment, the spacer as- 
sembly 22 has a plate-like grid 24 and a plurality of co- 
lumnar spacers standing on the two surfaces of the grid 
to be integral with them. 

[0046] More specifically, the grid 24 has a first surface 
24a opposing the inner surface of the face plate 1 2, and 
a second surface 24b opposing the inner surface of the 
rear plate 10, and is arranged parallel to these plates. 
A number of converging apertures 26 and a plurality of 
spacer holes 28 are formed in the grid 24 by etching or 
the like. The converging apertures 26 are disposed to 
oppose the electron -emitting elements 18, and the 
spacer holes 28 are located between the converging ap- 
ertures and disposed at a predetermined pitch. 
[0047] The grid 24 is formed from a metal plate of, e. 
g., an iron-nickel-based metal, to a thickness of 0.1 mm 
to 0.25 mm, and an oxide film made of elements consti- 
tuting the metal plate, e.g., an oxide film made of Fe 3 0 4 
or NiFe 3 0 4< is formed on its surface. Each converging 
aperture 26 has a rectangular shape of 0.1 5 mm to 0.25 
mm x 0.20 mm to 0.40 mm, and each spacer hole 28 
has a diameter of about 100 ^.m to 200 jim. 
[0048] First spacers 30a integrally stand on the first 
surface 24a of the grid 24 to overlap the respective spac- 
er holes 28, and their extending ends abut against the 
inner surface of the face plate 12 through the metal back 
1 7 and the black-colored layers of the phosphor screen 
1 6. Second spacers 30b integrally stand on the second 
surface 24b of the grid 24 to overlap the respective spac- 
er holes 28, and their extending ends abut against th 
inner surface of the rear plate 1 0. The spacer holes 28 
and the first and second spacers 30a and 30b ar 



aligned with each other, and the first and second spac- 
ers ar int grally conn cted to each other through the 
corr sponding spacer holes 28. 
[0049] Each of the first and second spacers 30a and 
30b integrally has a plurality of steps stacked from th 
grid 24 toward the extending end and with gradually de- 
creasing diameters. Each step is formed in a tapered 
mannerto be thinner from the grid toward the extending 
end. In otherwords, each of the first and second spacers 
30a and 30b is formed into a stepped tapered shape or 
stepped truncated-conical shape. 
[0050] For example, each first spacer 30a forms a 
stepped tapered shape with four steps such that its end 
on the grid 24 side has a diameter of about 400 jam, its 
end on the extending end side has a diameter of about 
230 jim, and Its height is about 1 mm to 1 .2 mm, resulting 
in an aspect ratio (height/grid-side end diameter) of 2.5 
to 3.0. Each second spacer 30b forms a stepped ta- 
pered shape with three steps such that its end on the 
grid 24 side has a diameter of about 400 n.m, its end on 
the extending end side has a diameter of about 280 p.m, 
and its height is about 0.3 mm to 0.75 mm, resulting in 
an aspect ratio (height/grid-side end diameter) of 0.75 
to 1.6. 

[0051] As described above, the diameter of each 
spacer hole 28 is about 1 00 jim to 200 urn, which is suf- 
ficiently smaller than the grid-side end diameters of the 
first and second spacers 30a and 30b. When the first 
and second spacers 30a and 30b are integrally formed 
to be coaxially aligned with the spacer holes 28, the first 
and second spacers are connected to each other 
through the spacer holes, and are integrally formed with 
the grid 24 to sandwich it from its two surfaces. 
[0052] A predetermined voltage is applied from a 
power supply (not shown) to the grid 24 of the spacer 
assembly 22 with the arrangement as described above 
so as to prevent crosstalk, and to converge the electron 
beams emitted from the corresponding electron-emit- 
ting elements 18 onto desired phosphor layers with the 
converging apertures 26. The first and second spacers 
30a and 30b abut against the inner surfaces of the face 
plate 1 2 and rear plate 1 0 to support the load of the at- 
mospheric pressure acting on these plates, and main- 
tain the gap between the plates at a predetermined val- 
ue. 

[0053] A method of manufacturing the spacer assem- 
bly 22 with the above arrangement, and the SED with 
the spacer assembly 22 will be described. 
[0054] When the spacer assembly 22 is to be manu- 
factured, first, as shown in FIG. 4, the grid 24 with a pre- 
determined size, and rectangular plate-like first and sec- 
ond molds 32 and 33 with sizes almost equal to that of 
the grid are prepared. Converging apertures 26 and 
spacer holes 28 are formed in the grid 24 in advance, 
and the entire outer surface of the grid 24 is covered 
with a blackened film or an oxide film made of granular 
oxides. 

[0055] The first and second molds 32 and 33 hav a 
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plurality of through holes 34 corresponding to the spacer 
holes 28 of the grid 24. As shown in FIG. 5, th first mold 

32 is formed by stacking a plurality of m tal thin plates, 
e.g., 4 metal thin plates 32a, 32b, 32c, and 32d. 

[0056] This will b d scribed in d tail. Each m tal thin s 
plate Is formed of an iron-based metal plate with a thick- 
ness of 0.25 mm to 0.3 mm, and has a plurality of ta- 
pered through holes. The through holes formed in each 
of the metal thin plates 32a, 32b, 32c, and 32d have di- 
ameters different from those of the through holes formed 
in other metal thin plates. For example, the metal thin 
plate 32a has tapered through holes 34a with a maxi- 
mum diameter of 400 u,m, the metal thin plate 32b has 
tapered through holes 34b with a maximum diameter of 
350 |xm, the metal thin plate 32c has tapered through 
holes 34c with a maximum diameter of 295 ujn, and the 
m tal thin plate 32d has tapered through holes 34d with 
a maximum diameter of 240 jim. These through holes 
34a to 34d are formed by etching or laser radiation. 
[0057] The four metal thin plates 32a, 32b, 32c, and 
32d are stacked such that their through holes 34a, 34b, 
34c, and 34d are aligned almost coaxially and sequen- 
tially from the ones with larger diameters, and are diffu- 
sion-bonded to each other in vacuum or a reducing at- 
mosphere. Hence, the first mold 32 with a thickness of 
1 .0 mm to 1 .2 mm as a whole is formed. Each through 
hole 34 is defined by aligning the fourthrough holes 34a, 
34b, 34c, and 34d, and has a stepped, tapered inner 
surface. 

[0058] The second mold 33 is also formed by stack- 
ing, e.g., three metal thin plates in the same manner as 
the first mold 32. Each through hole 34 is defined by 
three tapered through holes and has a stepped, tapered 
inner surface. 

[0059] The outer surfaces of the first and second 
molds 32 and 33, including the inner surfaces of the re- 
spective through holes 34, are covered with surface lay- 
ers. Each surface layer has releasability with respect to 
a spacerforming material (to be described later) and re- 
sistance to oxygen, and is formed by, e.g., eutectic plat- 
ing of Ni-P with fine particles of Teflon, oxide, nitride, or 
carbide, or eutectic plating of Ni-P with a high-melting 
metal such as W, Mo, or Re. 

[0060] In the steps of manufacturing the spacer as- 
sembly, as shown in FIG. 6A, the first mold 32 is brought 
into tight contact with the first surface 24a of the grid so 
the large-diameter sides of the through holes 34 are lo- 
cated on the grid 24 side, and is positioned such that 
the through holes are aligned with the spacer holes 28 
of the grid. Similarly, the second mold 33 is brought into 
tight contact with the second surface 24b of the grid so 
the large-diameter sides of the through holes 34 are lo- 
cated on the grid 24 side, and is positioned such that 
the through holes are aligned with the spacer holes 28 
of the grid. The first mold 32, grid 24, and second mold 

33 are fixed to ach other by using a clamp r (not 
shown) or the like. 

[0061] Subsequently, as shown in FIG. 6B, a spacer 



forming material 40 In the form of paste Is supplied from, 
e.g., th outer surface of the first mold 32, by using a 
squeeg 36, to fill th through holes 34 of the first mold 
32, the spacer holes 28 of the grid 24, and the through 
hoi s 34 of th second mold 33. An xc ssiv portion 
of the spacer forming agent 40 leaking to the outer sur- 
face of the second mold 33 is scraped off by using a 
squeegee 38. 

[0062] As the spacer forming material 40, a glass 
paste containing at least an ultraviolet-curing binder (or- 
ganic component) and a glass filler is used. 
[0063] Subsequently, as shown in FIG. 6C, the filling 
spacer forming material 40 is irradiated with ultraviolet 
rays (UV) as a radiation from the outer surfaces of the 
first and second molds 32 and 33, so it is UV-cured. 
When the spacer forming material 40 is UV-cured in this 
manner, adhesion of the spacer forming material with 
respect to the grid 24 is increased to be higher than that 
of the spacer forming material with respect to the first 
and second molds 32 and 33. 

[0064] As shown in FIG. 7A, while the first and second 
molds 32 and 33 are in tight contact with the grid 24, 
they are heat-treated in a heating furnace to evaporate 
the binder from the spacerforming material 40, and then 
the spacerforming material is properly calcined at about 
500°C to 550°C for 30 minutes to 1 hour. Hence, the 
first and second spacers 30a and 30b integral with the 
grid 24 are formed. 

[0065] After that, the first and second molds 32 and 
33 and the grid 24 are cooled to a predetermined tem- 
perature, and the first and second molds 32 and 33 are 
released from the grid 24, as shown in FIG. 7B. Hence, 
the spacer assembly 22 is completed. 
[0066] When the SED is to be manufactured by using 
the spacer assembly 22 manufactured in the above 
manner, the rear plate 10 having the electron -emitting 
elements 1 8 and bonded with the side wall 1 4, and the 
face plate 12 having the phosphor screen 16 and metal 
back 1 7 are prepared in advance. The spacer assembly 
22 is positioned on the rear plate 1 0, and the rear plate 
and the face plate 1 2 are arranged in a vacuum cham- 
ber. The interior of the vacuum chamber is evacuated, 
and the face plate 12 is bonded to the rear plate 10 
through the side wall 14. Hence, an SED with the spacer 
assembly 22 is manufactured. 

[0067] According to the spacer assembly 22 with the 
above arrangement and the SED having the spacer as- 
sembly 22, each spacer integrally has a plurality of steps 
stacked toward the extending end and with gradually de- 
creasing diameters. Each step Is formed in a tapered 
manner to be thinner toward the extending end, thus re- 
sulting in a stepped tapered shape as a whole, i.e., a 
substantial stepped truncated-conical shape. There- 
fore, a plurality of spacers can be integrally built on the 
grid by mold forming, and an easily manufacturable 
spacer assembly and SED can be obtained. 
[0068] According to the spacer assembly manufactur- 
ing method described above, after the spacer forming 
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material Is arranged on th grid by using a mold, it Is 
calcined, so that a plurality of spacers can be built at 
pred t rmined positions on the grid at once. Therefore, 
a spacer assembly with a plurality of small spacers can 
be manufactured easily, thus achieving a r duction in 
manufacturing cost and an Increase In manufacturing 
efficiency. 

[0069] Since the spacer forming material is calcined 
as it fills the through holes of the mold, the spacer form- 
ing material will not be squeezed and does not spread 
during calcination, and spacers each with a sufficiently 
large height and a high aspect ratio can be formed eas- 
ily. 

[0070] According to this embodiment, a glass paste 
containing an ultrasonic-curing binder and glass filler is 
used as the space forming material. Prior to calcination, 
the spacer forming material is cured by irradiation with 
ultraviolet rays. Also, the grid covered with an oxide film 
and molds covered with oxygen -resistant surface layers 
are used, so adhesion of the spacer forming material 
with respect to the grid can be Increased to be higher 
than that with respect to the molds. Therefore, in the 
following calcining and releasing steps, the formed 
spacers are prevented from attaching to the molds, and 
spacers integral with the grid can be formed reliably. 
[0071] According to this embodiment, each mold Is 
formed by stacking a plurality of metal thin plates each 
having through holes. Usually, it is very difficult to form 
spacer-forming small through holes with a diameter of 
several 1 00 \im in a metal plate with a thickness of about 
1 mm or more. If the metal thin plate has a thickness of 
about 0.1 mm to 0.3 mm, small through holes can be 
formed in it comparatively easily by etching, laser radi- 
ation, or the like. Therefore, when a plurality of metal 
thin plates having through holes are stacked as in this 
mbodiment, a mold having through holes with a de- 
sired height can be obtained easily. 
[0072] In this mold, the through holes formed in each 
metal thin plate are tapered, and their diameters differ 
from one metal thin plate to another. Hence, when stack- 
ing these plurality of metal thin plates, even if they are 
slightly misaligned, the through holes of the respective 
metal thin plates can communicate with each other re- 
liably, so a mold having desired through holes can be 
obtained. Furthermore, since the mold is covered with 
a surface layer having releasability with respect to the 
spacer forming material, the spacerforming material will 
not easily attach to the interiors of the through holes of 
the mold. Thus, the mold can be repeatedly used for the 
manufacture of the spacer assembly. 
[0073] An SED having a spacer assembly according 
to a second embodiment of the present invention, and 
a method of manufacturing this spacer assembly will be 
described. 

[0074] As shown in FIG. 8, according to the second 
embodiment, a grid 24 of a spacer assembly 22 has no 
spacer holes, and first and second spacers 30a and 30b 
are integrally formed with the grid 24 to be independent 



of each other. 

[0075] More specifically, the plurality of first spacers 
30a stand vertically on a first surface 24a of the grid 24 
between converging apertures 26, and abut against the 

5 inner surface of a fac plate 1 2 through a metal back 1 7 
and the black-colored layers of a phosphor screen 16. 
The plurality of second spacers 30b stand on a second 
surface 24b of the grid 24 between the converging ap- 
ertures 26, abut against the inner surface of a rear plate 

10 1 0, and are arranged to be aligned with the first spacers 
30a. Other arrangements are the same as those of the 
SED according to the first embodiment described 
above. The same portions are denoted by the same ref- 
erence numerals, and a detailed description thereof will 

15 be omitted. 

[0076] To manufacture a spacer assembly 22 with the 
above arrangement, first, as shown in FIG. 9A, a first 
mold 32 is brought into tight contact with the first surface 
24a of the grid such that the large-diameter sides of 

20 through holes 34 are located on the grid 24 side, and is 
positioned such that the respective through holes are 
located between the convergin g apertures 26 of the grid. 
Subsequently, a spacer forming material 40 in the form 
of paste is supplied from the outer surface of the first 

25 mold 32 by using a squeegee 36, to fill the through holes 
34 of the first mold 32. As the spacer forming material 
40 and first mold 32, those that are identical to those of 
the embodiment described above are used. 
[0077] Subsequently, as shown in FIG. 9B, the spacer 

30 forming material 40 which fills the through holes 34 is 
irradiated with ultraviolet rays (UV) from the outer sur- 
face of the first mold 32, so it is UV-cured. Thus, adhe- 
sion of the spacer forming material 40 with respect to 
the grid 24 is increased to be higher than that of the 

35 spacer forming material with respect to the first mold 32 . 
[0078] After that, as shown in FIG. 1 0A, while the grid 
24 and first mold 32 are held in tight contact with each 
other, a second mold 33 is brought into tight contact with 
the second surface 24b of the grid such that the large- 

40 diameter sides of through holes 34 are located on the 
grid 24 side, and is positioned such that the respective 
through holes are located between the converging ap- 
ertures 26 of the grid. Then, the first mold 32, grid 24, 
and second mold 33 are fixed to each other by using a 

45 clamper (not shown) or the like. 

[0079] Subsequently, the spacer forming material 40 
in the form of paste is supplied from the outer surface 
of the first mold 32 by using the squeegee 36, to fill the 
through holes 34 of the second mold 32. As the second 

so mold 33, one which is identical to that of the embodiment 
described above is used. 

[0080] After that, as shown in FIG. 10B, the spacer 
forming material 40 which fills the through holes 34 is 
irradiated with ultraviolet rays from the outer surface of 
55 the second mold 33, so it is UV-cured. Thus, adhesion 
of the spacer forming mat rial 40 with resp cttoth grid 
24 is increased to be higher than that of the spacerform- 
ing material with respect to th second mold 32. 
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[0081] As shown In FIG. 10C, while the first and sec- 
ond molds 32 and 33 are in tight contact with th grid 
24, they are heat-treated in the heating furnace to evap- 
orate the binder from the spacer forming material 40, 
and th n the spacer forming material is property cal- 
cined at about 500°C to 550°C for 30 minutes to 1 hour. 
Hence, first and second spacers 30a and 30b integral 
with the grid 24 are formed. 

[0082] Then, the first and second molds 32 and 33 
and the grid 24 are cooled to a predetermined temper- 
ature, and the first and second molds 32 and 33 are re- 
leased from the grid 24, thereby completing a spacer 
assembly 22. An SED having the spacer assembly 22 
with the above arrangement is manufactured in accord- 
ance with steps similar to those of the embodiment de- 
scribed above. 

[0083] I n the second embodiment with the above em- 
bodiment, the same function and effect as those of the 
embodiment described above can also be obtained. 
[0084] I n the first and second embodiments described 
above, the spacer assembly integrally has the first and 
second spacers on the two surfaces of the grid 24. Al- 
ternatively, spacers may be formed on only one surface 
of the grid, as in the third embodiment shown in FIG. 11. 
[0085] More specifically, according to the third em- 
bodiment, a spacer assembly 22 has a grid 24 and a 
plurality of first spacers 30a integrally standing vertically 
on a first surface 24a of the grid. The first spacers 30a 
stand between converging apertures 26, and abut 
against the inner surface of a face plate 12 through a 
metal back 17 and black-colored layers of a phosphor 
screen 16. 

[0086] A plurality of second spacers 30b integrally 
stand on the inner surface of the face plate 12, are po- 
sitioned to be aligned with the first spacers 30a, and abut 
against a second surface 24b of the grid 24. 
[0087] The first and second spacers 30a and 30b are 
formed into a stepped tapered shape to be thinner to- 
ward the extending end, i.e., into a stepped truncated- 
conical shape, in the same manner as in the embodi- 
ment described above. Other arrangements of the SED 
are the same as those of the embodiment described 
above. The same portions are denoted by the same ref- 
er nee numerals, and a detailed description thereof will 
be omitted. 

[0088] In the third embodiment, the spacer assembly 
22 is manufactured by the same method as that of the 
second embodiment described above. Note that the 
manufacturing steps for the second spacers will be omit- 
ted. 

[0089] I n the third embodiment, the plurality of second 
spacers 30b make up another spacer assembly 22b to- 
gether with a glass substrate which forms the face plate 
12. The spacer assembly 22b is also manufactured by 
the same method as that of the second embodiment. 
[0090] More specifically, in plac of the grid, th s c- 
ond mold 33 described above is brought into tight con- 
tact with the surface of the r ar plate 10 formed of a 



glass substrate such that the large-diameter sides of 
through holes 34 are located on the rear plate sid , and 
is positioned at a pr determined position. Subs qu ntly, 
a spacer forming material in the form of paste is supplied 
s from the out r surface of the s cond mold 33 to fill the 
through holes 34 of the second moid 32. As the spacer 
forming material, one which is identical to that of the em- 
bodiment described above is used. 
[0091] Subsequently, the spacer forming material 
10 which fills the through holes is irradiated with ultraviolet 
rays, so it Is UV-cured. Thus, adhesion of the spacer 
forming material with respect to the rear plate 10 is in- 
creased to be higher than that of the spacer forming ma- 
terial with respect to the second mold 33. The glass sub- 
's strate that forms the rear plate 1 0 need not have an ox- 
ide film on Its outer surface, since it Is an oxide itself. 
[0092] While the second mold 33 is in tight contact 
with the rear plate 10, this structure is heat-treated in a 
heating furnace to evaporate the binder from the spacer 
20 forming material, and then the spacer forming material 
is properly calcined. Hence, second spacers 30a Inte- 
gral with the rear plate 10 are formed. 
[0093] Then, the second mold 33 and rear plate 10 
are cooled to a predetermined temperature, and the 
2s second mold 33 is released, thereby completing a spac- 
er assembly 22b integrally having the rear plate 10 and 
second spacers 30b. 

[0094] In the third embodiment with the above ar- 
rangement as well, the same function and effect as 
30 those of other embodiments described above can be ob- 
tained. 

[0095] An SED according to a fourth embodiment of 
the present invention will be described. As shown in FIG. 
12, a spacer assembly 22 (to be described later) is dis- 

35 posed between a face plate 1 2 and rear plate 1 0 which 
constitute a vacuum envelope 15, and has an electrode 
plate connected to a predetermined potential in order to 
prevent abnormal discharge between these plates. The 
face plate 12 and rear plate 10 are supported by the 

40 spacer assembly 22 against the atmospheric pressure, 
and the predetermined gap between the plates is main- 
tained at, e.g., 1.6 mm. 

[0096] The face plate 12 has an insulating substrate 
made of non-alkali glass, and a phosphor screen 16 

45 formed on the inner surface of the insulating substrate. 
The phosphor screen 1 6 has striped phosphor layers 1 3 
having red (R), blue (B), and green (G) light-emitting 
characteristics and arranged at a 0.6-mm pitch, and 
band-like light-shielding layers 1 1 arranged between the 

so phosphor layers 1 3 to improve the contrast ratio. 

[0097] A conductive thin film layer 1 9 made of alumi- 
num or an aluminum alloy is formed on the phosphor 
screen 1 6, and a deposited getter layer 21 made of bar- 
ium (Ba) is formed on the conductive thin film layer 19. 

55 This conductive thin film layer 19 of the face plate 12 
serv s as an anode electrode. The deposited gett r lay- 
er 21 is formed by vapor-depositing a g tter material in 
a vacuum chamber before adhering th face plate 12 
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and rear plate 1 0 in the vacuum chamber. When the se- 
ries of steps from vapor deposition to sealing of the get- 
ter material are performed in a vacuum state without b - 
ing exposed to th atmosphere, a deposited getter layer 
21 with a high performance can b obtained. s 
[0098] As shown in FIGS. 12 to 14, the rear plate 10 
has an insulating substrate made of non-alkali glass. A 
plurality of scanning electrodes 23 and signal electrodes 
25 run on the inner surface of the insulating substrate 
in the form of a matrix. Gate electrodes 27 and emitter 
electrodes 29 respectively extending from the scanning 
electrodes and signal electrodes are formed in the vi- 
cinities of the intersections of the scanning electrodes 
23 and signal electrodes 25. 

[0099] The gate electrodes 27 and emitter electrodes 
29 are arranged to oppose each other at a predeter- 
mined gap, e.g., 50 urn. Although not shown, for exam- 
ple, a graphite film is arranged between the electrodes 
27 and 29 to oppose them at a gap of 5 um, thereby 
making up a surface conduction type electron -emitting 
element 1 8, A protection film 31 is formed on each scan- 
ning electrode 23. 

[0100] The spacer assembly 22 is provided between 
the face plate 1 2 and rear plate 1 0 with the above ar- 
rangement, to support the face plate and rear plate 
against the atmospheric pressure. The spacer assem- 
bly 22 will be described in detail hereinafter. 
[0101] As shown in FIGS. 12 and 14, the spacer as- 
sembly 22 has an electrode plate 42 arranged for pre- 
venting abnormal discharge between the face plate 12 
and rear plate 1 0. The electrode plate 42 is made of an 
iron-nickel alloy to have a thickness of 0.1 mm, and its 
surface is oxidized. Although depending on its size, the 
electrode plate 42 preferably has a thickness of about 
0.1 mm to 0.25 mm, if it is to match the effective display 
region with a diagonal size of 20 inches or more, so that 
a desired strength is ensured. 

[0102] To ensure easy manufacture, the electrode 
plate 42 may be divided into a plurality of portions. Then, 
however, the boundaries of the divisional portions ad- 
versely affect the display performance. Hence, a large 
electrode plate with a size matching an effective display 
region 3 is preferably used where possible. 
[0103] The electrode plate 42 is arranged between 
the face plate 1 2 and rear plate 1 0 to be parallel to them. 
The electrode plate 42 has a plurality of rectangular 
holes 26, each with a size of 250 um x 1 80 um and 
allowing to pass electron beams emitted from the sur- 
face conduction type electron -emitting elements 18, to 
oppose the surface conduction type electron-emitting 
elements 18. The electrode plate 42 also has a plurality 
of circular spacer holes 28 for connecting the first and 
second spacers (to be described later). 
[0104] The electrode plate 42 has a first surface op- 
posing the face plate 1 2 and a second surface opposing 
the rear plate 12. A plurality of first spacers 30a ar 
formed on the first surface to be integral with the el c- 
trode plate 42, and a plurality of second spacers 30b are 



formed on the second surface to be integral with the 
I ctrode plate 42. The first and second spacers 30a 
and 30b are connected to each other through connect- 
ing portions 52 arranged in the spacer holes 28 formed 
in th I ctrode plate 42. In this embodim nt, on s c- 
ond spacer 30b is connected to two first spacers 30a 
through the connecting portions 52. 
[0105] As shown in FIGS. 12 to 14, the second spac- 
ers 30b are arranged on the scanning electrodes 23 
through the protection films 31 to correspond to the sur- 
face conduction type electron-emitting elements 1 8, and 
extend along the interconnection. Each second spacer 
30b has an elongated elliptic section , and is formed such 
that its length L1 in the direction of interconnection on 
the electrode plate 42 side is 0.4 mm, its length L2 in a 
direction perpendicular to the direction of Interconnec- 
tion is 500 um, its length L1' in the direction of intercon- 
nection on the rear plate 10 side is 0.35 mm, its length 
L2' in a direction perpendicular to the direction of inter- 
connection is 400 um, and its height hi is 0.5 mm. 
[0106] Two first spacers 30a are arranged for one sec- 
ond spacer 30b. Each first spacer 30a has a columnar 
shape with some taper, and is formed such that its end 
on the electrode plate 42 side has a diameter $1 of 320 
jj/n, its end on the electrode plate 42 side has a diameter 
$2 of 230 um, and its height h2 is 1 .0 mm. 
[0107] More specifically, in the fourth embodiment, 
the first spacers 30a are formed to have a sufficiently 
large aspect ratio (the ratio of the height to the length of 
the end on the electrode plate 42 side in the direction of 
the major axis of the section) when compared to that of 
the second spacers 30b. The second spacers 30b have 
a height about half that of the second spacers 30a. 
[01 08] Two adjacent first spacers 30a are connected 
to one second spacer 30b through the spacer holes 28 
of the electrode plate 42, i.e., through the connecting 
portions 52, and are integrated with the second spacer 
30b and electrode plate 42. The diameter of each of the 
connecting portions 52 and spacer holes 28 is smaller 
than the diameter <f>1 of the end of the first spacer 30a 
on the electrode plate 42 side. 

[0109] When the spacer assembly 22 with the above 
arrangement is disposed in the vacuum envelope 15, 
the electrode plate 42 opposes the face plate 12 and 
rear plate 1 0 to be parallel to them, and is connected to 
a predetermined potential to prevent abnormal dis- 
charge between the plates. Each second spacer 30b 
abuts against the rear plate 10 through the protection 
film 31 and scanning electrode 23. Each first spacer 30a 
abuts against the face plate 12 through the deposited 
getter layer 21 , conductive thin film layer 1 9, and phos- 
phor screen 16, to support the face plate 12 and rear 
plate 1 0 against the atmospheric pressure. 
[01 10] In the SED with the above arrangement, since 
the second spacers 30b of the spacer assembly 22 are 
arrang d clos to the I ctron -emitting elements 1 8 and 
since they are as low as 0.5 mm, although they are ar- 
ranged over a sufficiently large area along the scanning 
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electrodes 23, charging of the second spacers 30b does 
not easily Influence the trajectories of the electron 
beams. 

[0111] Although the first spacers 30a are as sufficient- 
ly high as 1 .0 mm wh n compar d to th second spac- 
ers 30b, since their aspect ratio Is sufficiently large, they 
do not easily influence the trajectories of the electron 
beams. Since the first and second spacers 30a and 30b 
are arranged uniformly with respect to the correspond- 
ing surface conduction type electron-emitting elements 
18, local display nonuniformlty and the like caused by 
charging of the spacers do not occur easily. 
[0112] Furthermore, since the spacer assembly 22 is 
arranged to have sufficiently larg e contact areas with the 
face plate 1 2 and rear plate 1 0, a sufficiently large struc- 
tural strength can be ensured for the SED. Therefore, 
an SED that can prevent a decrease in display quality 
due to charging of the spacers can be obtained while a 
sufficiently large strength is ensured. 
[01 13] A method of manufacturing the spacer assem- 
bly 22 with the above arrangement will be described. 
[0114] First, as shown in FIG. 15A, an electrode plate 
42 made of an iron-nickel alloy with a thickness of 0.1 
and with an oxidized surface is prepared. The surface 
of the electrode plate 42 is oxidized in order to improve 
the adhesion with the spacer forming material (to be de- 
scribed later). It is particularly preferable to form a spinel 
type oxide film. A plurality of converging apertures 26 
(s e FIG. 3) for electron beam transmission (to be de- 
scribed later) and a plurality of spacer holes 28 for con- 
necting first and second spacers 30a and 30b to each 
other are formed in the electrode plate 42 in advance. 
The spacer holes 28 are formed by photoetching, laser 
processing, or the like. 

[01 1 5] Subsequently, as shown in FIG . 1 5B, molds 60 
and 61 are aligned and arranged on and under the elec- 
trode plate 42, and are brought into tight contact with 
and fixed to the electrode plate 42 by a clamper or the 
like (not shown). In FIG. 15B, the mold 60 arranged on 
the upper surface of the electrode plate 42 has a plurality 
of through holes 62 for forming first spacers 30a. The 
mold 61 arranged on the lower surface of the electrode 
plate 42 has a plurality of through openings 64 for form- 
ing second spacers 30b. 

[01 1 6] The molds 60 and 61 is formed by respectively 
stacking 4 and 2 metal plates each made of an iron iron- 
nickel alloy of the same type as that of the electrode 
plate 42 and with a thickness of about 0.28 mm. This 
thickness is determined considering the ratio of the solid 
content of the spacer forming material (to be described 
later) and the desired spacer height. Through holes 62 
and openings 64 are formed by laser processing, etch- 
ing, or the like. Each through hoie 62 and opening 64 
are formed in a tapered manner, as shown in FIG. 15B, 
considering the releasability of the molds 60 and 61 . 
[0117] The surfaces of the molds 60 and 61 are sub- 
jected to a process for achieving releasability with re- 
spect to the spac r forming material and for preventing 



oxidation of the molds themselves, e.g., eutectic plating 
of Ni-P with fine particles of Teflon, nitride, oxide, or car- 
bide. As the anti-oxidation process, eutectic plating of 
Ni-Co and Ni-P with a high-melting metal such as W, 
5 Mo, or Re is suitably us d, in addition to that described 
above. 

[0118] After the molds 60 and 61 are positioned and 
arranged with respect to the electrode plate 42 as de- 
scribed above, the through holes 62 of the mold 60 and 

10 the openings 64 of the mold 61 are filled with a spacer 
forming material 40 by, e.g., a squeegee 36. The spacer 
forming material 40 may be charged to fill the through 
holes 62 of the mold 60 at once through the openings 
64 of the mold 61. In either case, care must betaken so 

is bubbles will not form in the spacer forming material 40 
that fills the through holes 62 of the mold 60 and the 
openings 64 of the mold 61 . An excessive portion of the 
spacer forming material 40 leaking from the through 
holes 62 and openings 64 is wiped off with a squeegee 

20 or the like. As the spacer forming material 40, a glass 
paste containing at least a solvent-free ultraviolet-curing 
binder and a glass filler as a structural material is used. 
[0119] Subsequently, as shown in FIG. 15C, the 
charged spacer forming material 40 is irradiated with ul- 

25 traviolet (U V) rays from the outer surfaces of the molds 
60 and 61 , to sufficiently cure the ultraviolet-curing bind- 
er contained in the spacer forming material 40. 
[0120] As shown in FIG. 13, first spacers 30a are ar- 
ranged to vertically overlap the corresponding second 

30 spacer 30b, and particularly each second spacer 30b is 
arranged also in a region between the two correspond- 
ing first spacers 30a. The electrode plate 42 has spacer 
holes 28 corresponding to the first spacers 30a to each 
have a diameter smaller than that of the electrode plate- 

35 side end of each first spacer 30a. Therefore, as seen 
also from FIG. 15C, the spacer forming material 40 that 
fills the through holes 62 of the mold 60 can be suffi- 
ciently irradiated with the UV rays from the upper sur- 
face of the mold 60 and from the through holes 62, de- 

40 spite of the high aspect ratio. Therefore, adhesion of the 
spacer forming material 40 with respect to the electrode 
plate 42 with an oxidized surface is ensured, and at the 
same time appropriate releasability is ensured for the 
molds 60 and 61. 

45 [0121] Subsequently, as shown in FIG. 16A, while the 
molds 60 and 61 are in tight contact with the electrode 
plate 42, this structure is preliminarily calcined in the 
heating furnace at 400°C to 450°C for 1 hour, thereby 
burning off the binder component in the spacer forming 

so material 40. Furthermore, this structure is properly cal- 
cined in the heating furnace at 500°C for 45 minutes, so 
the molds 60 and 61 are connected to each other 
through the connecting portions 52 formed in the spacer 
holes 28, and the first and second spacers 30a and 30b 

55 integrated with the electrode plate 42 are formed. The 
suitabl conditions for this prop r calcination ar at 
500°C to 550°C and 30 to 1 hour, although they depend 
on the size of the spacers and the like. 
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[0122] After that, the resultant structure Is cooled to a 
predetermined temperature while performing distortion 
removing annealing, and the molds 60 and 61 are re- 
teased from the electrode plate 42, as shown in FIG. 
1 6B, thus completing th spacer assembly 22. 
[01 23] When the spacer assembly 22 is formed In ac- 
cordance with the above steps, first spacers 30a inte- 
grally formed with the electrode plate 42 and having a 
high aspect ratio can be obtained comparatively easily, 
and the manufacturing cost can be reduced and the pro- 
ductivity can be improved. 

[0124] More specifically, according to the embodi- 
ment described above, the ultraviolet-curing binder is 
mixed in the spacer forming material 40a and cured, so 
choices are allowed for the adhesion with respect to the 
molds 60 and 61 and electrode plate 42, while accord- 
ingly maintaining an appropriate spacer shape. As a re- 
sult, the electrode plate 42 can be calcined with the 
molds 60 and 61 being in tight contact with it. Particu- 
larly, the first spacers 30a extending from the electrode 
plate 42 toward the face plate 1 2 can have a high aspect 
ratio of 2.0 or more. To allow choices for the adhesion, 
the method of mixing the ultraviolet-curing binder is ef- 
fective in terms of productivity, manufacturing cost, and 
the like. However, the present invention is not limited to 
this. 

[0125] Also, the first spacers 30a can be sufficiently 
irradiated with the UV rays from the side of the mold 61 
for forming the second spacers 30b. Thus, curing non- 
uniformity of the spacer forming material 40 is prevent- 
ed, and first spacers 30a with a high aspect ratio can be 
obtained. 

[01 26] In the fourth embodiment described above, the 
height of each second spacer 30b is about half the 
height of the first spacer 30a. The height of the second 
spacer 30b is desirably smaller than that of the first 
spacers 30a, and is particularly suitably half that of the 
first spacer 30a or less. 

[0127] In the spacer assembly 22 of this embodiment, 
two first spacers 30a branched into two portions on the 
face plate 12 side are connected to one second spacer 
30b arranged on the rear plate 10 side. Alternatively, a 
first spacer.branched into three or more portions may 
be connected to one second spacer 30b. Since charging 
of the first spacers 30a arranged on the face plate 12 
side influences the trajectories of the electron beams, 
the first spacers 30a preferably have a high aspect ratio 
and small entire surface area. Therefore, the first spacer 
is preferably constituted by first spacers 30a branched 
into a plurality of portions. The spacer hole 28 corre- 
sponding to the first spacer 30a has one opening. Alter- 
natively, an aggregate of a plurality of openings may 
constitute the spacer hole 28. 

[0128] The second spacers 30b have elliptic sections. 
Alternatively, the second spacers 30b may have L- or 
cross-shaped sections. 

[0129] When the SED with the above arrangement is 
employed, decrease in display quality caused by charg- 



ing of the spacers can be prevented while a sufficiently 
high strength for the spacers is maintained. 
[0130] The present invention is not limited to the em- 
bodiments described above, and various modifications 

5 can be made within the scope of the inv ntion. For x- 
ample, the spacer forming material is not limited to the 
glass paste described above, and can be appropriately 
selected when necessary. The diameter and height of 
the spacers, and size, material, and the like of other con- 

10 stituent elements can be appropriately selected when 
necessary. Bonding of the metal thin plates that consti- 
tute the mold is not limited to diffusion bonding, but the 
metal thin plates may be bonded to each other by braz- 
ing, ultrasonic bonding, or the like. 

15 [01 31] in the embodiments described above, after the 
molds are brought into tight contact with the grid or glass 
substrate, the through holes of the molds are filled with 
the spacer forming material. Alternatively, after the 
through holes of the molds are filled with the spacer 

20 forming material, the molds may be arranged to be in 
tight contact with the grid or glass substrate. 
[0132] Furthermore, the present invention is not lim- 
ited to the SED described above, but can be applied in 
various apparatuses as far as they are flat panel display 

25 apparatuses with spacers. For example, although the 
above embodiment Is exemplified by an SED, the 
present invention can also be applied to other flat panel 
display apparatuses such as an FED or PDP. As shown 
in the third embodiment described above, the present 

30 invention is not limited to a spacer assembly with a grid, 
but can be applied to a spacer assembly having a metal 
substrate or glass substrate with no converging aper- 
tures and a plurality of spacers, a flat panel display ap- 
paratus, and a method of manufacturing them. 

35 

Industrial Applicability 

[01 33] As has been described above in detail, accord- 
ing to the present invention, an easily manufacturable 

40 spacer assembly for a flat panel display apparatus, a 
spacer assembly manufacturing method, a flat panel 
display apparatus having spacers with a high aspect ra- 
tio, a method of manufacturing an easily manufacturable 
flat panel display apparatus, and a mold used in the 

45 manufacture of a spacer assembly can be provided. Ac- 
cording to the present invention, a flat panel display ap- 
paratus that can prevent a decrease in display quality 
caused by charging of spacers, while ensuring a suffi- 
ciently high strength for the spacers, can be provided. 

50 

Claims 

1 . A method of manufacturing a spacer assembly hav- 
55 ing a substrate and a plurality of columnar spacers 
form d on the substrate and used for a flat panel 
display apparatus, the method comprising: 



13 



25 



EP1 189 255 A1 



26 



preparing a substrate and a mold having a 

number of through holes; 

arranging th mold on a surface of th substrate 

to be in tight contact therewith and filling the 

through holes of the mold with a spac rforming s 

material; 

curing the spacer forming material by irradia- 
tion with radiation, thereby increasing adhesion 
of the spacer forming material with respect to 
the surface of the substrate to be higher than 10 
that of the spacer forming material with respect 
to the mold; 

calcining the spacer forming material with the 
mold being in tight contact with the substrate, 
thereby forming spacers on the substrate; and is 4. 
after cooling, releasing the mold from the sub- 
strate. 

A method of manufacturing a spacer assembly hav- 
ing a substrate and a plurality of columnar spacers 20 
formed on the substrate and used for a flat panel 
display apparatus, comprising: 

preparing a substrate and a mold having a 
number of through holes; 25 
filling the through holes of the mold with a spac- 
er forming material and arranging the mold on 
a surface of the substrate to be in tight contact 
therewith; 

curing the spacer forming material by irradia- 30 
tion with radiation, thereby increasing adhesion 
of the spacer forming material with respect to 
the surface of the substrate to be higher than 
that of the spacer forming material with respect 
to the mold; 35 
calcining the spacer forming material with the 
mold being in tight contact with the substrate, 
thereby forming spacers on the substrate; and 
after cooling, releasing the mold from the sub- 
strate. 40 

A method of manufacturing a spacer assembly hav- 
ing a substrate and a plurality of columnar spacers 
formed on the substrate and used for a flat panel 
display apparatus, comprising: 45 

preparing a substrate having opposing first and 

second surfaces and a plurality of through 

holes, and first and second molds each having 

a plurality of through holes; 50 

arranging the first and second molds on the first 5. 

and second surfaces of the substrate to be in 

tight contact therewith such that the holes of the 

substrate and the through holes of the first and 

second molds are aligned with each other, and 55 

thereafter filling th holes of the substrate and 

the through holes of the first and second mold 

with a spacer forming material; 6. 



curing the spacer forming material by Irradia- 
tion with radiation, thereby increasing adhesion 
of th spacer forming material with r spect to 
the substrate to be higher than that of the spac- 
r forming mat rial with resp ct to the first and 
second molds; 

calcining the spacer forming material with the 
first and second molds being in tight contact 
with the substrate, thereby forming spacers on 
the first and second surfaces of the substrate; 
and 

after cooling, releasing the first and second 
molds from the substrate. 

A method of manufacturing a spacer assembly hav- 
ing a substrate and a plurality of columnar spacers 
formed on the substrate and used for a flat panel 
display apparatus, comprising: 

preparing a substrate having opposing first and 
second surfaces, and first and second molds 
each having a plurality of through holes; 
arranging the first mold on the first surface of 
the substrate to be in tight contact therewith, 
and thereafter filling the through holes of the 
first mold with a spacer forming material; 
curing the spacer forming material by irradia- 
tion with radiation, thereby increasing adhesion 
of the spacer forming material with respect to 
the first surface of the substrate to be higher 
than that of the spacer forming material with re- 
spect to the first mold; 

arranging the second mold on the second sur- 
face of the substrate to be in tight contact there- 
with, and filling the through holes of the second 
mold with a spacer forming material; 
curing the spacer forming material by irradia- 
tion with radiation, thereby increasing adhesion 
of the spacer forming material with respect to 
the second surface of the substrate to be higher 
than that of the spacer forming material with re- 
spect to the second mold; 
after irradiation with the radiation, calcining the 
spacer forming material with the first and sec- 
ond molds being in tight contact with the sub- 
strate, thereby forming spacers on the first and 
second surfaces of the substrate; and 
after cooling, releasing the first and second 
molds from the substrate. 

A method of manufacturing a spacer assembly ac- 
cording to claim 1 , wherein a glass paste containing 
at least an ultraviolet-curing binder and a glass filler 
is used as the spacer forming material, and the 
spacer forming material is cured by irradiation with 
ultraviolet rays as th radiation. 

A method of manufacturing a spacer assembly ac- 
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face with a phosphor layer formed thereon, a sec- 
ond substrate arranged to oppose th first substrate 
at a predetermined gap and provided with phosphor 
exciting means for exciting the phosphor layer, a 

5 fram -lik side wall that joins pe rip heri softh first 

and second substrates, a plate-like grid arranged 
between the first and second substrates to oppose 
the substrates and having a number of converging 
apertures located to correspond to the phosphor ex- 

10 citing means, a number of columnar first spacers 
arranged between the first substrate and the grid, 
and a number of columnar second spacers ar- 
ranged between the second substrate and the grid, 
the method comprising: 

15 

preparing a grid having opposing first and sec- 
ond surfaces and a plurality of spacer holes, 
and first and second molds each having a plu- 
rality of through holes; 

20 arranging the first and second molds on the first 

and second surfaces of the substrate to be in 
tight contact therewith such that the spacer 
holes of the grid and the through holes of the 
first and second molds are aligned with each 

2s other, and thereafter filling the through holes of 

the first and second molds with a spacer form- 
ing material; 

curing the spacer forming material by irradia- 
tion with radiation, thereby increasing adhesion 

30 of the spacer forming material with respect to 

the first and second surfaces of the substrate 
to be higher than that of the spacer forming ma- 
terial with respect to the first and second molds; 
calcining the spacer forming material with the 

35 first and second molds being in tight contact 

with the grid, thereby forming first and second 
spacers on the first and second surfaces of the 
grid; and 

after cooling, releasing the first and second 
40 molds from the substrate. 



cording to claim 5, wherein the spacer forming ma- 
terial is heat-treated to remove the binder, and is 
thereafter properly calcined. 

7. A method of manufacturing a spacer assembly ac- 
cording to claim 1, wherein a metal plate having a 
surface formed with an oxide film is used as the sub- 
strate. 

8. A method of manufacturing a spacer assembly ac- 
cording to claim 1 , wherein a grid formed of a metal 
plate having a number of converging apertures and 
a surface formed with an oxide film is used as the 
substrate. 

9. A method of manufacturing a spacer assembly ac- 
cording to claim 1 , wherein the mold is subjected to 
surface treatment which imparts releasability with 
respect to the spacer forming material and oxidation 
resistance. 

10. A method of manufacturing a flat panel display ap- 
paratus having a first substrate with an inner sur- 
face with a phosphor layer formed thereon, a sec- 
ond substrate arranged to oppose the first substrate 
at a predetermined gap and provided with phosphor 
exciting means for exciting the phosphor layer, a 
frame-like side wall that joins peripheries of the first 
and second substrates, a plate-like grid arranged 
between the first and second substrates to oppose 
the substrates and having a number of holes locat- 
ed to correspond to the phosphor exciting means, 
a number of columnar first spacers arranged be- 
tween the first substrate and the grid, and'a number 
of columnar second spacers arranged between the 
second substrate and the grid, the method compris- 
ing: 

preparing a grid and a mold having a number 
of through holes; 

arranging the mold on a surface of the grid to 
be in tight contact therewith and filling the 
through holes of the moid with a spacer forming 
material; 

curing the spacer forming material by irradia- 
tion with radiation, thereby increasing adhesion 
of the spacer forming material with respect to 
the surface of the grid to.be higher than that of 
the spacer forming material with respect to the 
mold; 

calcining the spacer forming material with the 
mold being in tight contact with the substrate, 
thereby forming the large number of first spac- 
ers on the grid; and 

after cooling, releasing the mold from the grid. 

11. A method of manufacturing a flat panel display ap- 
paratus having a first substrate with an inner sur- 



12. A method of manufacturing a flat panel display ap- 
paratus according to claim 11, characterized in 
that a glass paste containing at least an ultraviolet- 
45 curing binder and a glass filler is used as the spacer 
forming material, and the spacer forming material 
is cured by irradiation with ultraviolet rays as radia- 
tion. 

so 13. A method of manufacturing a flat panel display ap- 
paratus according to claim 12, wherein the spacer 
forming material is heat-treated to remove the bind- 
er, and is thereafter properly calcined. 

55 14. A method of manufacturing a flat panel display ap- 
paratus according to claim 11, characterized in 
that a metal plate having a surface formed with an 
oxide film is used as the substrate. 
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15. A method of manufacturing a flat panel display ap- 
paratus according to claim 11 , wherein the mold is 
subjected to surface treatm nt which imparts re- 
leasability with respect to the spacer forming mate- 
rial and oxidation resistance. 

16. A flat panel display apparatus manufactured by the 
manufacturing method according to claim 11 . 

17. A flat panel display apparatus comprising: 

a first substrate having an inner surface with a 
phosphor layer formed thereon; 
a second substrate arranged to oppose the first 
substrate at a predetermined gap and provided 
with phosphor exciting means forfeiting the 
phosphor layer; 

a frame-like side wall that joins peripheries of 
the first and second substrates; and 
a spacer assembly having plate- like grid, ar- 
ranged between the first and second substrates 
and having a number of converging apertures 
located to correspond to the phosphor exciting 
means, and a plurality of spacers formed on the 
grid, and manufactured by the method of man- 
ufacturing a spacer assembly according to 
claim 1 . 

18. A flat panel display apparatus comprising: 

a first substrate having an inner surface with a 
phosphor layer formed thereon; 
a second substrate arranged to oppose the first 
substrate at a predetermined gap and provided 
with phosphor exciting means for exciting the 
phosphor layer; 

a frame-like side wall that joins peripheries of 

the first and second substrates; 

a plate-like grid arranged between the first and 

second substrates to oppose the substrates 

and having a number of converging apertures 

located to correspond to the phosphor exciting 

means; 

a plurality of columnar first spacers arranged 
between the grid and the first substrate; and 
a plurality of columnar second spacers ar- 
ranged between the grid and the second sub- 
strate, wherein 

a height of each of the first spacers is larger 
than that of each of the second spacers. 

1 9. A flat panel display apparatus according to claim 1 8, 
wherein a diameter of that end of each of the first 
spacers which abuts against the first substrate is 
smaller than that of a grid-side end thereof, and a 
diameter of that end of each of th second spac rs 
which abuts against the second substrate is smaller 
than that of a grid-side end thereof. 



20. Aflat panel display apparatus according to claim 18, 
wherein the first spac rs have an aspect ratio of not 
less than 2, and the s cond spacers hav an aspect 
ratio of not less than 0.6. 

5 

21 . Aflat panel display apparatus according to claim 18, 
wherein 

the grid has a first surface opposing the first 
10 substrate and a second surface opposing the 

second substrate, and 

the first spacers stand on the first surface of the 
grid to be integral therewith and the second 
spacers stand on the second surface of the grid 
is to be integral therewith. 

22. Aflat panel display apparatus according to claim 21 , 
wherein 

20 the grid has a plurality of spacer holes formed 

between the converging apertures, each of the 
spacer holes having a diameter smaller than 
those of grid-side ends of the first and second 
spacers, and 

25 the first and second spacers are aligned with 

one of the spacer holes and are Integrally 
formed with each other through the spacer 
holes. 

30 23. Aflat panel display apparatus according to claim 18, 
wherein 

the grid has a first surface opposing the first 
substrate and a second surface opposing the 
35 second substrate, and 

the first spacers stand on the first surface of the 
grid to be Integral therewith and the second 
spacers stand on the second substrate to be 
integral therewith. 

40 

24. A spacer assembly used for a flat panel display ap- 
paratus, comprising: 

a substrate; and 
^5 a plurality of columnar spacers standing on the 

substrate to be integral therewith, wherein 
each of the spacers integrally has a plurality of 
steps stacked from the substrate toward an ex- 
tending end and with diameters that decrease 
so gradually, each of the steps being formed in a 

tapered shape to be thinner from the substrate 
toward the extending end. 

25. A spacer assembly used for a flat panel display ap- 
55 paratus, comprising: 

a plate-like grid having first and second oppos- 
ing surfaces and a plurality of converging aper- 
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tures; 

a plurality of columnar first spacers standing on 
the first surface of the grid to be integral there- 
with; and 

a plurality of columnar second spacers stand- 
ing on the second surface of the grid to be in- 
tegral therewith, wherein 
each of the first and second spacers integrally 
including a plurality of steps stacked from the 
grid toward an extending end and with diame- 
ters that decrease gradually and each of the 
steps being formed in a tapered shape to be 
thinner toward an extending end. 

26. A spacer assembly according to claim 25, wherein 
the first spacers stand on the first surface of the grid 
between the converging apertures, and the second 
spacers stand on the second surface of the grid be- 
tween the converging apertures and are aligned 
with the first spacers. 

27. A spacer assembly according to claim 25, wherein 
the grid has a plurality of spacer holes formed be- 
tween the converging apertures and each having a 
diameter smaller than those of ends of the first and 
second spacers on grid sides, and 

the first spacers stand on the first surface of the 
grid to overlap the spacer holes, and the sec- 
ond spacers stand on the second surface of the 
grid to overlap the spacer holes and are inte- 
grally connected to the first spacers through the 
spacer holes. 

28. A flat panel display apparatus comprising: 

a first substrate having an inner surface with a 
phosphor layer formed thereon; 
a second substrate arranged to oppose the first 
substrate at a predetermined gap and provided 
with phosphor exciting means for exciting the 
phosphor layer; 

a frame-like side wall that joins peripheries of 
the first and second substrates; and 
a spacer assembly arranged between the first 
and second substrates, wherein 
the spacer assembly includes a plate-like grid 
having a number of converging apertures op- 
posing the phosphor exciting means, and a plu- 
rality of columnar spacers standing on the grid 
to be integral therewith, and 
each of the first and second spacers integrally 
has a plurality of steps stacked from the grid 
toward an extending end and with diameters 
that decrease gradually, and each of the steps 
is formed in a tapered shape to be thinner to- 
ward the extending end. 
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29. Aflat panel display apparatus comprising: 

a first substrate having an inner surfac with a 
phosphor layer formed thereon; 
as condsubstrat arranged to oppose th first 
substrate at a predetermined gap and provided 
with phosphor exciting means for" exciting the 
phosphor layer; 

a frame-like side wall that joins peripheries of 
the first and second substrates; and 
a spacer assembly arranged between the first 
and second substrates, wherein 
the spacer assembly includes 
a plate-like grid having first and second surfac- 
es and a plurality of converging apertures op- 
posing the phosphor exciting means, 
a plurality of columnarf irst spacers standing on 
the first surface of the grid to be integral there- 
with and in contact with the first substrate, and 
a plurality of columnar second spacers stand- 
ing on the second surface of the grid to be in- 
tegral therewith and in contact with the second 
substrate, and 

each of the first and second spacers integrally 
has a plurality of steps stacked from the grid 
toward an extending end and with diameters 
that decrease gradually, and each of the steps 
is formed in a tapered shape to be thinner to- 
ward the extending end. 



30. Aflat panel display apparatus according to claim 29, 
wherein the first spacers stand on the first surface 
of the grid between the converging apertures, and 
the second spacers stand on the second surface of 

35 the grid between the converging apertures and are 
aligned with the first spacers. 

31 . Aflat panel display apparatus according to claim 29, 
wherein the grid has a plurality of spacer holes 

40 formed between the converging apertures and each 
having a diameter smaller than those of ends of the 
first and second spacers on grid sides, and 



45 



50 



the first spacers stand on the first surface of the 
grid to overlap the spacer holes, and the sec- 
ond spacers stand on the second surface of the 
grid to overlap the spacer holes and are inte- 
grally connected to the first spacers through the 
spacer holes. 

32. Aflat panel display apparatus according to claim 29, 
wherein a height of each of the first spacers is larger 
than that of each of the second spacers. 



55 33. A flat panel display apparatus comprising: 

a first substrate having an inner surface with a 
phosphor layer formed thereon; 
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a second substrate arranged to oppose the first 
substrate at a predet rmined gap and provided 
with phosphor exciting means for exciting th 
phosphor layer; 

a fram -like side wall that joins periph ries of 
the first and second substrates; 
a spacer assembly including a plate-like grid 
which has first and second surfaces and a 
number of converging apertures opposing the 
phosphor exciting means and which is ar- 
ranged between the first and second sub- 
strates, and a plurality of columnar first spacers 
standing on the first surface of the grid to be 
integral therewith and in contact with the first 
substrate; and 

a plurality of columnar second spacers stand- 
ing on the second substrate to be integral there- 
with and in contact with the second surface of 
the grid, wherein 

each of the first and second spacers integrally 
has a plurality of steps stacked toward an ex- 
tending end and with diameters that decrease 
gradually, and each of the steps is formed in a 
tapered shape to be thinner toward the extend- 
ing end. 

34. A method of manufacturing a spacer assembly hav- 
ing a substrate and a plurality of columnar spacers 
formed on the substrate and used in a flat panel dis- 
play apparatus, the method comprising: 

preparing a substrate and a plate-like mold hav- 
ing a plurality of stepped tapered through holes 
each with a diameter that decreases gradually 
from one end toward the other end thereof; 
arranging the mold on a surface of the substrate 
to be in tight contact therewith such that large- 
diameter sides of the through holes are located 
on a substrate side and filling the through holes 
of the mold with a spacer forming material; 
curing the spacer forming material by irradia- 
tion with radiation , thereby increasing adhesion 
of the spacer forming material with respect to 
the surface of the substrate to be higher than 
that of the spacer forming material with respect 
to the mold; 

calcining the spacer forming material with the 
mold being in tight contact with the substrate, 
thereby integrally forming spacers on the sub- 
strate; and 

after cooling, releasing the mold from the sub- 
strate. 

35. A method of manufacturing a spacer assembly hav- 
ing a plate-like grid with a number of converging ap- 
ertures and a plurality of columnar spacers formed 
on the grid and used in a flat panel display appara- 
tus, the method comprising: 



preparing a plate-like grid with first and second 
surfaces and a plurality of spacer holes located 
betwe n the converging apertures; 
preparing plate-like first and second molds hav- 
ing a plurality of stepped tapered through holes 
each having a diameter that decreases gradu- 
ally from one end toward the other end thereof; 
bringing the first and second molds into tight 
contact with the first and second surfaces of the 
grid such that large-diameter sides of the 
through holes are located on a grid side and 
arranging the first and second molds such that 
the spacer holes of the grid and the through 
holes of the first and second molds are aligned, 
and filling the through holes of the first and sec- 
ond molds with a spacer forming material; 
curing the spacer forming material by irradia- 
tion with radiation, thereby increasing adhesion 
of the spacer forming material with respect to 
the grid to be higher than that of the spacer 
forming material with respect to the first and 
second molds; 

calcining the spacer forming material with the 
first and second molds being in tight contact 
with the grid, thereby forming spacers on the 
first and second surfaces of the grid; and 
after cooling, releasing the first and second 
molds from the grid. 

36. A method of manufacturing a spacer assembly hav- 
ing a plate-like grid with a number of converging ap- 
ertures and a plurality of columnar spacers formed 
on the grid and used in a flat panel display appara- 
tus, the method comprising: 

preparing a plate-iike grid having first and sec- 
ond surfaces; 

preparing plate-like first and second molds hav- 
ing a number of stepped tapered through holes 
each having a diameter that decreases gradu- 
ally from one end toward the other end thereof; 
arranging the first mold on the first surface of 
the grid to be in tight contact with such that 
large-diameter sides of the through holes are 
located on a grid side, and filling the through 
holes of the first mold with a spacer forming ma- 
terial; 

curing the spacer forming material by irradia- 
tion with radiation, thereby increasing adhesion 
of the spacer forming material with respect to 
the first surface of the grid to be higher than that 
of the spacer forming material with respect to 
the first mold; 

arranging the second mold on the second sur- 
face of the grid to be in tight contact therewith 
such that large-diameter sides of th through 
holes ar located on a grid side, and filling the 
through holes of the second mold with a spacer 



10 



15 



20 



25 



30 



35 



40 



45 



50 



18 



35 



EP 1 189 255 A1 



36 



forming material; 

curing the spacer forming material by irradia- 
tion with radiation, thereby increasing adh sion 
of the spacer forming material with respect to 
the second surface of th grid to b higher than 
that of the spacer forming material with respect 
to the second mold; 

after irradiation with the radiation, calcining the 
spacer forming material with the first and sec- 
ond molds being in tight contact with the grid, 
thereby forming spacers on the first and second 
surfaces of the grid; and 
after cooling, releasing the first and second 
molds from the substrate. 

37. A method of manufacturing a spacer assembly ac- 
cording to claim 34, wherein a metal substrate cov- 
ered with an oxide film is used as the substrate. 

38. A method of manufacturing a spacer assembly ac- 
cording to claim 35, wherein a grid formed of a metal 
plate having a surface formed with an oxide film is 
used as the grid. 

39. A method of manufacturing a spacer assembly ac- 
cording to claim 34, wherein the mold is subjected 
tosurface treatment which imparts releasability with 
respect to the spacer forming material and oxidation 
resistance. 

40. A method of manufacturing a spacer assembly ac- 
cording to claim 34, wherein a glass paste contain- 
ing at least an ultraviolet-curing binder and a glass 
filler is used as the spacer forming material, and the 
spacer forming material is cured by irradiation with 
ultraviolet rays as the radiation. 

41 . A mold used in the method of manufacturing a spac- 
er assembly according to claim 34, wherein 

the mold comprises a plurality of metal thin 
plates each having a plurality of tapered 
through holes, 

each of the through holes of each of the metal 
thin plates has a diameter different from those 
of through holes of other metal thin plates, and 
the plurality of metal thin plates are stacked 
such that the through holes thereof are aligned 
with each other and such that the through holes 
sequentially line up in descending order of di- 
ameter. 

42. A mold according to claim 41 , wherein the plurality 
of metal thin plates are bonded to each other. 

43. A mold according to claim 42, wherein th plurality 
of metal thin plates are bonded by one of diffusion 
bonding, brazing, and ultrasonic bonding. 



44. A mold according to claim 41 , wherein the mold Is 
covered with a surface layer having releasability 
with respect to th spacer forming material and ox- 
idation resistance. 

5 

45. A flat panel display apparatus comprising: 

a face plate and a rear plate arranged to oppose 
each other at a predetermined gap; and 
10 a spacer assembly arranged between the face 

plate and the rear plate, wherein 
the spacer assembly includes 
an electrode plate having opposing first and 
second surfaces and a plurality of spacer holes 
15 and arranged between the face plate and the 

rear plate to oppose the face plate and the rear 
plate, 

a plurality of first spacers formed on the first 
surface of the electrode plate, 
20 a plurality of second spacers formed on the sec- 

ond surface of the electrode plate, and 
connecting portions connecting one of the sec- 
ond spacers to a plurality of the first spacers to 
each otherthrough corresponding spacer holes 
25 formed in the electrode plate. 

46. A flat panel display apparatus according to claim 45, 
wherein each of the spacer holes has a size smaller 
than that of those ends of the first spacers on an 

30 electrode plate side. 

47. Aflatpanel display apparatus according to claim 45, 
wherein the rear plate includes a plurality of elec- 
tron-emitting portions, and the electrode plate has 

35 a plurality of apertures formed to correspond to the 
electron-emitting portions. 

48. Aflat panel display apparatus according to claim 45, 
wherein the second spacers have an aspect ratio 

40 smaller than that of the first spacers. 

49. Aflatpanel display apparatus according to claim 48, 
wherein a height of each of the second spacers is 
not more than half that of each of the first spacers. 

45 

50. Aflat panel display apparatus comprising: 

a face plate having an inner surface formed with 
a phosphor layer; 
50 a rear plate arranged to oppose the face plate 

at a predetermined gap and provided with a plu- 
rality of electron-emitting portions for exciting 
the phosphor layer; 

a frame-like side wall that joins peripheries of 
55 the face plate and the rear plate; and 

a spacer assembly arranged between the face 
plate and the rear plat , wherein 
the spacer assembly includes 
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an electrode plate having opposing first and 
second surfaces and a plurality of spacer holes 
and arranged between the face plate and th 
rear plate to oppose the face plate and the rear 
plate, 5 
a plurality of first spacers formed on the first 
surface of the electrode plate and in contact 
with the face plate, and 
a plurality of second spacers formed on the sec- 
ond surface of the electrode plate and in con- 10 
tact with the rear plate, and 
a plurality of the first spacers are connected to 
one of the second spacers, by connecting por- 
tions, through corresponding spacer holes 
formed in the electrode plate. *5 
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